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Abstract 
Cycling brings advantages to the environment and is also an affordable transportation mode. The number of people 
using bicycles has been increasing in several European countries as well as the interest in manufacturing new types 
of bicycles with different materials. 
The main objective of this paper is to evaluate the complete life cycle of a bicycle (cradle-to-grave analysis) and to 
quantify which components have the highest environmental impact. The production, maintenance, use and waste 
scenarios were modelled using the life cycle assessment software SimaPro. The use of bicycles in two different 
realities in terms of bicycle modal share (Portugal and The Netherlands) was considered. Then, some “what-if” 
scenarios were performed, in which some bicycles components were replaced with different materials, with the 
objective to decrease the environmental impact of the product itself. Aluminium, steel, wood and carbon fiber were 
tested in SimaPro. Results indicate that the components made in aluminium have the highest environmental impact. 
On the other hand, a bicycle with carbon fiber shows the lowest impact for the majority of the environmental 
categories. When evaluating the entire life cycle of the bicycle, the production phase has the highest negative 
impact. 
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1. Introduction and Objectives 
The efficiency of the transport network is a matter of concern to governments and other sectors of society, 
whether for economic or environmental reasons. In addition to high fuel prices, the externalities associated with the 
pollutants emissions are increasingly a source of global concern. Traffic congestion leads to high energy 
consumption and pollutant emissions as well as a significant economic damage. It is also known that each trip of 
European drivers has an average length of 9-22 km (EU, 2014). 
As a consequence, cycling mobility becomes an increasingly attractive option, especially for short distances. 
Also, today there is a greater interest in biking and there is an attempt to introduce more attractive bikes on the 
market, including through the use of new and more sustainable materials, with the aim to improve well-being and the 
environment protection. However, it is important to understand the impact that causes the production of these new 
types of bicycles. 
A study by Cherry et al. (2009) showed the materials used for the construction of different transport means. They 
also presented the energy consumption and the impact in terms of emissions and waste production associated with 
the production processes of various transport means with two wheels. The bicycle uses less material types and has 
smaller impacts associated with pollution. They analyzed the environmental impacts of electric bikes in China on its 
production and use. As for the phase-end life, they found some difficulties since this transport mean was new and 
there was no much information about it, but they highlighted the pollution caused by the lead present in the batteries. 
The lifetime of the batteries is, on average, 2 years or about 10,000 km and the pollution caused by lead is the 
biggest problem caused by the use of this bike, since a bike can use up to five batteries in its entire life. 
Dave (2010) compares the life cycle of different transport means and concluded that electric bicycles consume 
less than 10% of the energy needed to power a light duty vehicle per km traveled and emit 90% less pollutants per 
passenger-kilometer than a bus. It was also found that an electric bike (compared to a conventional one) consumes 
more energy in the production and use phases; however, the conventional bicycle forces the user to breathe more 
intensively and to make more effort, which is reflected in the energy spent by the user. 
There is some research regarding the use of life cycle assessment (LCA) applied to different transport modes and 
materials substitution in motor vehicles (Hakamada et al., 2007), but the amount of studies regarding bicycles is 
limited. Thus, the main objective of this paper was to perform a complete LCA of a bicycle, including its production 
(namely, the raw materials and the processes used in its design), use and end-of-life scenarios. The baseline scenario 
refers to a mountain bike with steel frame. Alternative scenarios considering different materials were developed, 
with the objective to quantify the energy and environmental impacts associated with these changes. 
      
2. Methodology 
This chapter includes an explanation of LCA main concepts and phases, as well as a description of the life cycle 
inventory for the analyzed bicycle. 
2.1. Life Cycle Assessment 
LCA is a technique to assess the environmental aspects and potential impacts associated with a product, process, 
or service (EPA, 2014), by: 
• Compiling an inventory of relevant energy and material inputs and environmental releases; 
• Evaluating the potential environmental impacts associated with identified inputs and releases;  
• Interpreting the results to help the user to make a more informed decision. 
The major stages in an LCA are raw material acquisition, manufacturing, use/reuse/maintenance, and waste 
management, as described in Figure 1. The four basic stages of conducting an LCA are indicated in Figure 2. 
Companies, federal facilities, industry organizations and academia can benefit from learning how to incorporate 
environmental performance based on the life cycle concept into their decision-making processes (EPA, 2014).  
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Fig. 1. Life cycle stages (EPA, 2014). 
 
Fig. 2. Life cycle assessment steps (Graedel and Allemby, 2003). 
LCA methodology has some subjective components, such as the system boundaries, goal definition and scope 
(Pieragostini et al., 2012); in addition, the LCA results are often determined by limited data inventory with unknown 
reliability (Georgakellos, 2005; Goedkoop and Oele, 2008). Even with these limitations, LCA is widely used as a 
decision-making tool in process selection, design, and optimization in order to identify clean technologies (Del 
Borghi et al., 2007). 
2.2. Life Cycle Inventory 
To perform this LCA, the chosen functional unit was pass.km performed using a bicycle. SimaPro LCA Software 
was used, which is one of the most used tools to collect, analyze and monitor the sustainability performance of 
products and services (PRé Consultants, 2015). With SimaPro, complex life cycles can be modelled and analysed in 
a systematic way, measuring the environmental impact of products and services across all life cycle stages and 
identify the hotspots in all aspects of the supply chain, from the extraction of raw materials to manufacturing, 
distribution, use, and disposal. SimaPro is equipped with many life cycle inventory (LCI) datasets, including the 
ecoinvent v3 database. The software tools include a user interface for modeling the product system, a life cycle unit 
process database, an impact assessment database with data supporting several life cycle impact assessment 
methodologies, and a calculator that combines numbers from the databases in accordance with the modeling of the 
product system in the user interface (Herrmann and Moltesen, 2015). SimaPro evaluates the environmental impacts 
with Eco-indicator 99, which allows the environmental load of a product to be expressed in a single score. A more 
detailed description of SimaPro software is available elsewhere (PRé Consultants, 2015). 
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Scenario 1 is considered the baseline scenario. The bicycle considered as a reference was used in World Bike 
Tour held in Porto in 2010, which is a mountain bike in conventional low steel frame league. This choice for the 
LCA is justified by the life cycle inventory, since the authors could receive the data regarding the materials of this 
bicycle from the companies of the region of Aveiro, Portugal. The components that constitute a bicycle are 
described in Figure 3 as well as the position they occupy in their assembly. The mass of all these components was 
considered in the life cycle inventory, regarding the production phase of the bicycle. Based on the evaluation of the 
production of the baseline scenario, the components that caused more impact were analysed, which allowed the 
establishment of alternative scenarios, in terms of existing alternatives in the market for materials substitution, in 
order to reduce these impacts. 
 
Fig. 3. Components of a mountain bike (Source: www.bike-riding-guide.com). 
The components arrive at the company (located close to Aveiro, in the centre of Portugal) and are grouped into 
different working groups. These enter the assembly line with a given sequence and they are assembled manually to 
other components according to the passage in the different work stations. 
The transportation of the different components from its production source to the company where they will be 
assembled is also very relevant regarding fossil fuel consumption and pollution, so it has to be considered. The 
components for assembling the bike were from China and they were transported 18,275 km by sea (ocean freighter) 
to Leixões port in containers. Thereafter, it was considered that a heavy truck (16 Ton., EURO 4) covering about 90 
km from Leixões to the industrial zone where the assembling company headquarters are located. The saddle comes 
from Águeda and was carried in a heavy goods vehicle (16 Ton., EURO 4) up to the assembly line facilities (about 
60 km). The transportation of the components used in the maintenance was also considered. Finally, it was assumed 
that the wooden bicycle frame was transported 33 kilometers from the company's headquarters in Agueda to the 
assembly's location. 
After developing LCA for the baseline scenario, alternative scenarios were chosen. For scenario 2, the rims of 
aluminium bike of the baseline scenario were changed for a set of rims and spokes in carbon fiber. All other bicycle 
components have been maintained. Carbon fiber was chosen because it is a material that is common in bicycles. 
Regarding scenario 3, the steel fork was changed to a wheel carbon fiber fork (also, all the other components were 
maintained). Finally, scenario 4 intended to simulate the use of biodegradable material in the bicycle: the steel frame 
was replaced by a wooden frame. Since beech wood has rupture stress values between 3.5 and 150MPa, it was also 
necessary to add 1.8 kg of steel to join the wooden frame to the remaining bicycle. 
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Regarding the step of LCA that quantifies the impact of the product use, two different realities were assessed: 
Portugal and The Netherlands bicycle use. A Portuguese and a Dutch citizen travels about 0.26 km and 6.66 km per 
person per day, respectively (Van Hout Kurt, 2008). In terms of LCA, this fact influences the number of components 
that have to be exchanged during the bicycle lifespan. Table 2 indicates the components that have to be exchanged 
during a 30-year lifespan, both for Portugal and The Netherlands realities. Maintenance conditions were considered 
the same for all scenarios, regardless of the type of materials used. 
Finally, regarding disposal scenario, two different end-of-life possibilities were studied: landfill and recycling of 
the bicycle components. 
Table 1. Components maintenance of a bicycle – number of exchanges during the kilometers traveled for an average citizen in 30 years. 
Component Portugal  The Netherlands  
Chain 4 91 
Brake pads 3 73 
Tires 2 37 
Air chamber 2 37 
Cassette 2 37 
Rear droupout 1 7 
Rim 1 7 
Chairing 1 7 
 
3. Results and Discussion 
Figure 4 represents the impacts of bicycle production, regarding baseline scenario and using Eco-indicator 99 to 
integrate all environmental impacts in a single score. From the red level indicated in each box, the three components 
that cause more environmental damage can be assessed: it was noticed that the wheels (‘rodas’ in the figure) with 42 
Pts, the fork (‘forqueta’) with 3.71 Pts and the body (‘corpo’) with 2.25 Pts are the components that are primarily 
responsible for the negative environmental impact. The wheels’ factor is justified using the aluminium extrusion 
process by which the flanges were obtained. In the case of the fork and the frame, the components are composed of 
low alloy steel and they require processes such as extrusion, cutting and welding training trim to be produced. 
Comparing impacts between Portugal and Netherlands realities, it was concluded that the phase of bicycle use (that 
involves components’ maintenance) has negligible life cycle impacts, comparing with the production phase, where 
the impacts are considerably higher. 
Table 2 compares the end-of-life options (landfill or recycling) in the baseline scenario, regarding the impact on 
climate change and fossil fuels. The tendency is the same on the remaining scenarios. The unit DALY (disability-
adjusted life year) is a measure of overall disease burden, expressed as the number of years lost due to ill-health, 
disability or early death. The negative values in the recycling option mean that this is a positive option (there are 
emissions and fuel use that are avoided due to recycling the components of the bicycle). 
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Fig. 4. Assembly tree: impacts of bicycle production 
Table 2. Landfill vs. recycling the bicycle components – impact on climate change and fossil fuels (Baseline scenario). 
Impact [unit] Landfill  Recycling 
Climate change [DALY] 3,69E-06 -7,29E-06 
Fossil fuels [MJ] 1,32 -52,4 
 
 
Figure 5 represents the bicycle life cycle for Portugal (a) and Netherlands use (b) realities, considering recycling 
as end-of-life. Scenarios 1 to 4 are the blue, yellow, red and green bars, respectively. SimaPro allows the calculation 
of the effect on different impact categories, such as carcinogens, respiratory organics and inorganics, climate 
change, radiation, ozone layer, ecotoxicity, acidification/eutrophication, land use, minerals and fossil fuels. 
Analysing Figure 5 we can conclude that scenario 2 (that consists in a bicycle with rims and spokes in carbon fiber, 
instead of aluminium) has the least negative impact in every environmental domains, with the exception of the 
impact on the ozone layer. Even for a bicycle partially made of wood, its impact in some categories is very relevant 
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       Color     
Fig. 5. Life cycle results: (a) Portugal and (b) the Netherlands. 
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4. Conclusions 
The research objective was to develop a life cycle assessment of a bike using SimaPro software and to look to 
different solutions to reduce the environmental impacts of its components. The main conclusion of the baseline 
scenario evaluation was that the wheels, fork and frame were the components with higher environmental impacts 
(namely, in energy consumption and climate change). The wheels (which incorporate the rims made of aluminium) 
imply higher energy consumption due to the extrusion process. The fork and the frame require a lot of steel in its 
production and the processes involved also have a significant impact. 
Another conclusion was that the production process defines the major percentage of the environmental impact in 
a full LCA. With the purpose of changing these components’ materials to others that would require less energy to 
produce and less amount of materials for its production, three new scenarios were created. In the first modification 
(scenario 2), the rims and spokes were replaced by a set of carbon fiber - less dense material. The second 
modification intended to change the steel fork by carbon fiber. In the latter scenario the wood was chosen, in order 
to assess the impact of using a biodegradable resource in the production bike. Significant variations were noticed, 
most of them improving the environmental impacts compared to the baseline scenario. This occurred because the 
components that have been replaced did reduce the amounts of carbon dioxide and methane emitted and the 
consumption of fossil fuels. It was concluded that the scenario with higher success at the level of climate change and 
fossil fuels consumption is the one that incorporates carbon fiber. In the end-of-life, recycling the components of the 
bicycle also leads to advantages in terms of emissions and fuel consumption savings. 
While conducting the life cycle inventory assumptions based on the information that was available from the bike 
industry sector in the region of Aveiro, Portugal, were needed. Even that these assumptions lead to some uncertainty 
in the final results, this LCA process still provides decision-makers with a better understanding of the environmental 
impacts associated with each alternative and the relative magnitude of each type of impact in comparison to each of 
the proposed alternatives included in the study. It should be emphasized that the relative importance of the different 
phases in the bicycle life cycle is more relevant than the absolute values of the impacts. Also, LCA does not take 
into account technical performance, cost or social acceptance; therefore, it is recommended as a future work that 
LCA could be used in conjunction with these other factors. 
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